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Introduction
The cost of fermentation medium can account for nearly 30% of total lactic acid production cost [1] . Tejayadi and
Cheryan [2]studied on lactic acid production from whey permeate and yeast extract, and reported that the costs of raw material processing account for 68% of the total cost
[2]. To reduce the fermentation cost, tofu liquid waste (TLW) had been used in lactic acid fermentation from fresh cassava root (FCR) as a substitute for standard medium (trypto soya broth; TSB) [3] . However, the maximum productivity of lactic acid and specific growth rate were about 10% and 70% than those using TSB, respectively. To improve the productivity and specific growth rate for lactic acid fermentation, several nitrogen sources had been added to the media of FCR in TLW [4] . The maximum fermentation properties were obtained by supplementation of 2wt % of concentrate maguro waste (CMW2)
to the TLW medium. The fermentation properties were equivalent to those in the standard medium. 
Results and Discussion
From the analysis of fermentation broth by HPLC, S.
bovis produced only L -lactic acid with 100% optical purity (data not shown). Figures 1 and 2 show the effect of temperature on L-lactic acid concentration and viable cell counts in various media, respectively. For the media of FCR TLW the maximum L-lactic acid concentration was 23.2 g/L ( Fig. 1(a) ) . Furthermore, by addition of CMW of 2wt % to media of FCR TLW the maximum L-lactic acid concentration became 41.2 g/L ( Fig. 1(b) ). These results were comparable with those in the media of FCR TSB ( Fig. 1(c) ) and standard media ( Fig. 1(d) ) . The L -lactic acid concentrations produced in FCR-TSB ( Fig. 1(c)) were higher than those in standard media ( Fig. 1(d) ), because S. bovis has more extracellular a-amylase activity to starch [1, 5] . 2(b) ). It was very close to the maximum of viable cell counts in the FCR TSB (Fig. 2(c) ) and standard medium ( Fig. 2(d) ). The L-lactic acid concentration behaved same as viable cell counts regard to temperature.
They increase with increasing temperature, but decrease after optimum temperature for all media. Table 1 The activation energy (Ea) and deactivation energy (Ed) for productivity (F) and specific growth rate (ii) in various media.
The activation energy (Ea) and deactivation energy (Ed)
from Arrhenius equation for productivity (P) and specific growth rate (~c) in various media were given in Table 1 .
The values of Ea and Ed for specific growth rate are higher than those for productivity in all media except in FCR TLW, respectively. In FCR-TLW, lactic acid concentration and the level of viable cells are lower than those in another mediums, because of less nutrients in TLW ( Figs. 1 and   2 ). The carbon sources from substrate are needed for the growth of cells in a medium that lacked nutrients. Furthermore, in Arrhenius relation the transition-state potential for P is higher than one for ji . While in the rich nutrient media (FCR TLW+CMW 2) the transition-state potential for P is lower than one for u and the product can be formed easily. However, the transition-state potential for i in rich or less nutrient media doesn't have large divergence. Adamberg et al. [7] has reported that the Ea from specific growth rate are larger than those for productivity from lactose by S. thermophilus. In all media, the deactivation energies were higher than the activation energies in all media. These results are consistent with enzyme denaturation by temperature which is much faster than enzyme activation [10] . 
